Abstract. The effects of dynamic vulcanisation in vPE/rPE/EPDM blends were studied. The discarded polyethylene used in the study was obtained from local cable manufacturers. The effects of different sulfur loading on the tensile properties and morphology of the thermoplastics elastomer blends were examined. Results show that the tensile properties (except E B ) increased as increasing in sulfur loading. Scanning electron microscopy indicates that a uniform distribution of vulcanised EPDM in vPE/rPE/EPDM blends.
Introduction
The best way to produce thermoplastic elastomeric compositions comprising vulcanised elastomer particles in melt processable plastic matrices is by the method called dynamic vulcanisation. It is the process of vulcanising the elastomer during its melt mixing with the molten plastic. Thus, dynamic vulcanisation is a route to new TPEs which have properties as good or even in some cases, better than those of block copolymers [1] .
Synthetic rubbers such as ethylene propylene diene terpolymer (EPDM) rubber offer in accordance with their broad set of properties and wide range of application possibilities; especially with regard to flexible wires. EPDM is more stable than conventional elastomers (butadiene, isoprene rubber) [2] . EPDM rubber is particularly known for its superior ozone and aging resistance, compared to natural rubber and common synthetic rubbers, due to its saturated backbone [3] . In other hand, polyethylene (PE) are characterized by its toughness, excellent chemical resistance and electrical properties, a low coefficient of friction, near-zero moisture absorption, and good ease of processing. PE has filled a long-standing need for a material which would effectively insulate electrical cables without introducing electrical losses at high frequencies.
A relatively broad of research has been conducted in the area involving recycled PE (rPE) with various applications within 10 years back. Suarez et al. [4] and Mastellone et al. [5] had studied about rPE blends. Scaffaro et al. [6] had studied the possibility to produce secondary materials by blending rPE coming from greenhouses and post-consumer ground tyre rubber (GTR). The results indicate that the blends show fairly good properties provided that a relatively low concentration of GTR and proper thermal conditions are adopted.
To the best of our knowledge, no report has been done on utilization of rPE from wire industry particularly with rubber blend. This paper reports the effects of dynamic vulcanization of virgin polyethylene (vPE) by recycled polyethylene (rPE) on tensile properties and morphology of vPE/ rPE/ EPDM blends. Tensile properties and tensile fracture surface analysis of vPE/ rPE/ EPDM blends were reported.
Experimental
Materials. The materials and their characteristics used in this study are shown in Table 1 . The inorganic compounds of rPE, was investigated by X Ray Fluorescene Spectrometer Rigaku RIX 3000 as shown in Table 2 . Sample preparation. Compounding of the blend was carried out by using Haake Rheomix. To avoid the presence of foreign materials that might be left behind from previous usage, the mixing chamber was first cleaned by running through one cycle of neat HDPE for 9 minutes. Conditions of the compounding were fixed at 50 rpm of rotor speed, 180 o C of temperature for 9 minutes. Formulations of vPE/rPE/EPDM blends are shown in Table 3 . First, vPE and rPE were charged into the chamber and allowed to melt for 2 minutes. At the 2 nd minute, EPDM was charged into the chamber and allowed to mix for another 2 minutes. Zinc oxide and stearic acid were mixed with the blend at the 4 th minute. 2 minutes later, a mixture of TMTD, CBS and sulfur were added into the chamber and allowed to mix for another 3 minutes. Upon completion of the mixing cycle, the blend was taken out and passed through the two roll mill (2.0 mm nip setting) into sheet form. Then, the sheet was compressed into 1.0 mm by using Kao-Tieh compression molding machine with electrical heater at 180 o C. Mechanical properties. Mechanical properties of the blends were determined by an Instron 5582 100kN electromechanical tensile machine with series IX control system. ASTM D638-type 1 was selected, with gauge length of 100 mm and cross-head speed of 50 mm/min. Tensile strength, elongation at break (E B ) and Young's modulus of 1 mm thick dumb-bell specimens were determined. were sputter-coated with a thin layer of gold, about 1.5-3.0 nm thick, prior to scanning to avoid electrostatic charging and poor image resolution.
Results and Discussions
Tensile properties. The effect of sulfur loading on the tensile strength of vPE/rPE/EPDM blends is shown in Fig. 1 . It was found that dynamic vulcanization significantly increases the tensile strength with increasing sulfur concentration. The addition of sulfur results in crosslinking in rubber phase and therefore a large number of small, uniformly crosslinked rubber particles distributed in the plastic matrix. The entangled rubber molecules could not slip past each other during tensile test and resulting in higher tensile strength. Dynamically vulcanization on thermoplastic elastomers which has been reported by Coran and Patel [7] also indicated a similar increase in the physical properties of the related blends. Fig. 2 indicates that the elongation at break (E b ) increases with increasing sulfur loading but decreases after 0.6 phr of sulfur loading. According to Mousa et al. [8] , the increase in E b with increasing in crosslink density for lightly vulcanized rubber and indicates that crosslink formation in the rubber phase of the blends has not yet peaked off. However, the reduction in E b after the addition of 0.6 phr of sulfur might due to the excessive crosslink formed in vPE/rPE/EPDM blends would has restricted the mobility of the polymer chain and decreased the ductility of the blends. The effect of sulfur concentration on the Young's modulus of vPE/rPE/EPDM blends is shown in Fig. 3 . It can be seen that Young's modulus increases with sulfur concentration, which may due to the increase extent of crosslinking formation. Chu et al. [9] in their work on PVC/SBR blends prepared with dynamic vulcanization found that vulcanization produces crosslinks which hinder the rubber molecules to slip past each other and thus, minimizes permanent plastic deformation of the rubber phase. Fig. 4(a) shows the scanning electron micrograph of tensile fracture surface for vPE/rPE/EPDM 40/30/30 blend with 0 phr of sulfur. It can be seen that the blend exhibits ductile fracture plane, which contains elongated pattern from tearing effect. However, Fig. 4(b) which illustrates the fracture surfaces of the dynamically vulcanized vPE/rPE/EPDM blend with 0.6 phr of sulfur has shown significant improvement in the properties of PE and EPDM. Dynamic vulcanization results in crosslinking of the rubber phase. It can be seen that the size of vulcanized EPDM particles were reduced significantly and distribution of vulcanized EPDM particles are more uniform in vPE/rPE/EPDM blends. Thus, it enables the blends to be stretched to greater extent before failure and hard fracture surfaces are encountered. The morphology changes into smaller spherical rubber particles and forms a uniform pattern of fracture surfaces as shown in Figure 6(b) . This provides a good indication on the effectiveness of vulcanization in EPDM phase and strong evidence to justify the improvement in tensile properties [10] . 
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Conclusion
Incorporation of sulfur into vPE/rPE/EPDM blends initiates the dynamic vulcanization process that improves tensile properties of the thermoplastics materials. The tensile fracture analysis proved the addition of sulfur in dynamic vulcanization promotes the tensile properties.
